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The association of infectious lesions in the heart and vessels with
preexisting congenital defects was, pointed out by that acute ob-
server James Paget as long ago as I844. Like many other medical
observations it was, for a time, lost sight of and it is only in recent
years, particularly since the work of Lewis and Grant in i922 on
the infection of congenitally abnormal aortic valves, that attention
has again been focused on the subject.
Observations on the relationship of patent ductus arteriosus to
infectious endocarditis date back to Babington's article in i847, but
this association was for a time overlooked, probably because com-
munications dealing with the subject were indexed under arteritis
and aneurysm, rather than under endocarditis.
It is the purpose of this paper to analyze the pathological and
clinical manifestations of the infectious processes which may com-
plicate patent ductus arteriosus, basing the conclusions on a study of
the accessible literature, together with the records of six additional
cases which have been observed on the pediatric and medical ser-
vices of the New Haven Hospital.
The pertinent facts which a study of twenty-eight autopsied
cases bring out may be summarized as follows:
In the first place, it is to be noted that congenital defects other
than patent ductus arteriosus are not very common in these patients.
Only in four of the 28 autopsied patients were such defects ob-
served, and in two of these cases the associated defects were of a
minor nature. In Sachs' case there was a minor defect in the heart
wall; in the case of Hamilton and Abbott there was hypoplasia and
coarctation of the aorta; in Abbott's second case hypoplasia of the
aorta with a patent foramen ovale was present; and in the case of
Gordon and Perla pulmonary stenosis was noted.
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Involvement of the ductus arteriosus alone in the infectious
process is quite rare; it occurred in only one recorded case, that of
Roth.
Infection of valves without simultaneous infection of the ductus
arteriosus is uncommon; it occurred in the cases of Murray, Krzysz-
kowski, Entz, Hammerschlag, and in our Case I.
The frequency of valvular endocarditis is the most striking
feature of the series. In the 28 cases autopsied the aortic valve was
involved 14 times, the pulmonic valve 14 times, the mitral valve
9 times and the tricuspid valve 4 times. Multiple valve involve-
ment occurred in 40.7 per cent of the cases.
Involvement of the pulmonary artery and the aorta in the in-
fectious process was of frequent occurrence, the former being the
site of infection in 2I of the autopsied patients, and the latter in 5
of them.
The development of mycotic aneurysms was not uncommon.
The main trunk of the pulmonary artery was the site of aneurysm in
io cases, branches of this artery in 4 cases, aortic aneurysms occurred
3 times, and the ductus arteriosus was involved twice.
Cardiac hypertrophy was the rule, the side of the heart chiefly
involved varying considerably. The frequent occurrence of right-
sided hypertrophy, of aortic thickening opposite the opening of the
ductus, and of aortic aneurysms in the same location, all indicate
that the shunt of blood must have been, at least at some period in
many cases, from right to left rather than in the opposite direction.
The distribution of infarcts, on the other hand, favors the view
that in many cases, at some period of the disease, a left-to-right
shunt was predominant, for the lungs were the site of infarction
much more frequently than inordinary cases of valvular endocarditis,
and more frequently than any other organ. Furthermore, the most
pronounced lesions in the pulmonary artery not infrequently ap-
peared at the point in its wall opposite the orifice of the open ductus.
So far as the general dinical manifestations are concerned there
does not appear to be any marked difference between those patients
in whom the infective process is associated with a patent ductus
arteriosus and the much larger group* in which acquired cardiac
*A discussion of the lesions in this larger group, which contained only two
patients with congenital heart disease, is found in the paper of Blumer: Medicine,
1923, 2, 105.
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damage preceded the infection or in which this involved apparently
uninjured hearts. The insidious onset, the usually febrile course, the
varied pulmonary, gastro-intestinal, and nervous symptoms, the
evidences of focal glomerulonephritis, the wasting, the secondary
anemia and the occasional congestive heart failure are common to
both types. There are, however, in certain clinical manifestations
differences which are significant and worthy of mention.
A history suggesting congenital heart disease is, naturally, a
feature in some patients though, as would be expected with patent
ductus arteriosus as the sole congenital lesion in most cases, many
patients give no such history. Of the 33 clinical cases upon which
the present analysis is based, 14 were either known to have suffered
from a preexisting congenital heart lesion or presented symptoms
from early childhood which suggested this as a possibility.
Two-thirds of the patients were females, but the number of
cases analyzed is so small that stress cannot be placed on this point.
It is to be noted that in the general group of cases males prepond-
erated in the ratio of 3 to 2.
The age at which evidences of infection originated is of interest.
Only 4 of the clinical cases were in the first decade, 9 were in the
second, IO were in the third, 6 were in the fourth, 2 in the fifth, and
i in the sixth decade. Infection seems most likely to occur in the
second and third decades, so far as can be judged from so small a
group.
A history of frank rheuematic infection was not recorded very
often, although Poynton has claimed that the subjects of congenital
heart disease are much more susceptible to this disease than are
normal individuals. In only 3 of the 33 patients was there a definite
history of rheumatism, though 2 others had suffered from "grow-
ing pains". In none was chorea recorded. It is interesting to note,
however, that 7 of the 33 patients had suffered from throat infec-
tions; one with no history of tonsillitis had nevertheless had a ton-
sillectomy performed, three had had scarlet fever and one had had
diphtheria.
A history of thoracic pasn, precordial or in the left chest, was
noted in 8 patients, or 24 per cent. The symptom occurred twice
as frequently in the ductus arteriosus group as in the general series.
It is clear that the number of cases studied is altogether too small to
permit definite conclusions and these observations are merely sug-
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gestive. It is further to be noted that the pain may have been as-
sociated in some of the ductus patients with aneurysm formation.
One clinical feature definitely seems to be more frequent in the
ductus arteriosus group, namely, a greater tendency to develop
pulmonary infarcts and, conversely, a lesser tendency to embolism
involving the general circulation. In the general group analyzed in
1923, pulmonary emboli occurred in i6 per cent of the autopsied
patients. In the 28 autopsied ductus arteriosus cases pulmonary
emboli occurred in I9, or 67 per cent. On the other hand, cerebral
emboli occurred in only 3.7 per cent of the ductus arteriosus patients
andin over 23 per cent of the general cases. Splenic emboli occurred
in 48 per cent of the ductus arteriosus cases and in 76 per cent of the
general cases. Renal emboli occurred with about equal frequency in
the two groups.
These pathological facts are discussed at this point because of
their bearing on the symptomatology. It appears clear that where
infective processes occur in association with a patent ductus arteriosus
the occurrence of pulmonary infarcts is much more frequent than
in the general group. This is doubtless due in the main to three
factors: (I) the frequency of vegetations on the pulmonary artery
and the pulmonic end of the ductus itself, (2) the not infrequent
involvement of the pulmonic and tricuspid valves, and (3) the
frequency with which a current of blood is forcibly directed against
the vegetations on the ductus arteriosus and pulmonary artery on
account of a left-to-right shunt in the intracardiac blood stream. It
is noteworthy, too, that in addition to the usual symptoms and signs
of pulmonary infarct frank hemoptysis is occasionally seen, and
that in two of our patients a large hemoptysis was the cause of death.
It is manifest from a study of the pathological findings why
clinical interpretation of the cardiac signs is frequently difficult.
When, in addition to a patent ductus arteriosus, there is involve-
ment of the pulmonary artery and of the aorta, sometimes with
aneurysm formation and multiple valvular endocarditis, it is not
strange that the correct interpretation of cardiac murmurs may be
impossible. In several of the patients there were six distinct lesions
capable of causing alteration in the heart sounds. The surprising
fact is the frequency with which a clinical diagnosis, at least partially
correct, of the cardiac lesion, was made. It is of course true that
the character and location of murmurs often suggested a patent
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ductus, and that with the use of the Roentgen ray the probabilities
of recognizing a patent ductus are considerably increased, for the
radiographic shadow is frequently quite distinctive.
There is some evidence that the duration of the ductus arteriosus
cases is considerably longer than that of the general group. In view
of the small number of cases it is impossible to make a definite state-
ment in this respect, but it is to be noted that the largest number of
the general cases died during the course of the fifth month, while
of the 2I ductus patients in whom the duration is ascertainable 13
died between the sixth and ninth months and three survived for
over two years. It may well be that the relative infrequency of
embolism in the general circulation, particularly the infrequency of
cerebral emboli, accounts largely for this difference.
In conclusion, we present abstracts of the clinical findings in
six cases personally observed, together with data derived from the
autopsy protocols.
Case I-F. D. Age-i6 years. White American. Male.
Present Illness: The patient was first seen in the out-patient clinic during July,
1923, complaining of pains throughout the left chest and epigastric region. There
was a history of similar attacks occurring at monthly intervals during the previous
four years. The prominent physical findings comprised hypertrophied tonsils,
slight cardiac enlargement, a systolic precordial thrill, an accentuated second
sound over the pulmonic valve area, and a blowing apical systolic murmur. A
diagnosis of rheumatic heart disease was made at this time.
In July, 1924, the patient was again seen, this time with a complaint of
diffuse thoracic pains, cough, dyspnea, and orthopnea. This had become more
marked during the preceding two weeks. Three days later the boy was admitted
to the hospital. He was extremely drowsy, cyanotic, dvspneic, and orthopneic.
There was marked clubbing of the toes and fingers. The left cardiac border was
localized in the anterior axillary line. A forceful systolic thrill was palpable in
the 3rd left intercostal space with a loud to-and-fro-murmur in this region. The
second pulmonic sound was accentuated. The lungs were clear. The abdomen was
distended and tender. The spleen was not palpated.
The red blood cell count was 6,o8o,ooo; the hemoglobin, 90 per cent. There
was a leukocytosis of I5,000 with 77 per cent polymorphonuclear neutrophils.
The urine showed heavy traces of albumin, and numerous casts, leukocytes, and
red blood cells. The blood non-protein nitrogen measured 62 mg. and 49 mg.
on two occasions. The blood Wassermann was negative. Repeated blood cultures
remained sterile.
Course: On admission, the patient was extremely ill and his condition became
steadily worse. On July 29, 2 days after admission, numerous petechiae appeared
over the left leg. On August 5, pains with increased tenderness and spasm ap-
487.488 YALE JOURNAL OF BIOLOGY AND MEDICINE
peared over the left upper quadrant of the abdomen. As the disease progressed,
the temperature swings reached higher levels, edema of the legs and trunk be-
came more marked and the joint and abdominal pains more severe. He became
steadily weaker and death occurred on August I6.
Postmortem Findings: The heart was very large and weighed 650 grams. There
was tremendous hypertrophy and dilatation of the right ventricle. On the cusps
of the pulmonic valves were small, warty, pinkish vegetations. The ductus
arteriosus was not occluded. The left auricle and the mitral valve showed no
gross changes. At the apex of the left ventricle there was a mural thrombus. The
right pleural cavity was tfie seat of an extensive fibrinopurulent pleurisy. Infarcts
were present in the lungs, spleen, and kidneys.
Case I-A. F. Age-8 years. White American school child. Male.
Present Illness: The patient was first seen in the out-patient clinic during June,
1924., having been referred there from school because of a "weak heart". There
was no rheumatic family history. On the basis of a loud systolic murmur over the
pulmonic region, a systolic thrill over this same area and an accentuated second
pulmonic sound, a diagnosis of congenital heart disease with patent ductus ar-
teriosus was made. He then was apparently well until December, I924, when he
developed a bilateral otitis media. On December I9, both ears were draining purulent
material, and joint pains and fever appeared for the first time. TIhe illness gradu-
ally became more severe and, on January 22, the patient was admitted to the
hospital. At this time he complained of pains over the chest and abdomen, and
was orthopneic and very feverish.
Physical Findings: There was marked pallor of the skin and mucous membranes,
but no petechiae were noted. The respirations were regularly accelerated. The
heart seemed slightly enlarged. There was a loud to-and-fro murmur over the
pulmonic area, a soft systolic and a diastolic murmur over the lower precordium,
and a friction rub along the left sternal border. The heart sounds were distant.
The liver was large and tender. The red blood cells numbered 3,6oo,ooo with
a hemoglobini determination of 8o per cent. The leukocytes numbered 23,400
with 83 per cent polymorphonuclear neutrophils. The urine showed a faint trace
of albumin, but no red blood cells were seen. Blood cultures showed a growth of
Streptococcus viridans on four occasions.
Course: The child continued to remain extremely ill after admission and the
temperature rose daily to I04-Io5 F. The signs of cardiac decompensation be-
came more marked and death occurred on February 5, two weeks after admission.
Postmortem Findings: The ductus arteriosus was patent. The heart valves ap-
peared normal. There was an arteritis with a thrombosis of the stem and prin-
ciple branches of the pulmonary artery which occluded the ductus arteriosus, but
did not extent into the lumen of the aorta. Infarcts were found in both lungs
and in the spleen.
Case III-P. L. Age--I 5 years. White Italian. Female.
Present Illness.: This patient was admitted to the hospital in Mav, I929, be-
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an attack of rheumatic fever with the infrequent occurrence of fleeting joint
pains since that tinle. During March, I929, the polyarthritis again appeared with
weakness and slight dyspnea. During April, i929, the urine showed gross blood
for two days. Just before admission, the patient developed dizziness, fainted,
and vomited several times.
Physical Findings: The patient appeared slightly ill on admission, and her color
was good. There was a "machinery" murmur over the precordium, maximal
in the 2nd left intercostal spice, a loud to-and-fro apical murmur, an accentuated
2nd pulmonic sound, and a palpable impulse in the 2nd left intercostal space. The
abdomen was soft with no tenderness. The spleen was not felt.
The red blood cells numbered 4,800,000 with a hemoglobin determiination
of 8o per cent. There was no leukocytosis. The urine examination was negative.
The roentgenogram of the heart demonstrated slight symmetrical cardiac enlarge-
ment.
Course: The patient was not very ill during her hospital stay, and the course was
uneventful. The temperature remained normal, blood cultures remained sterile,
and the urine remained free from red blood cells. After 2 weeks she was dis-
charged to the care of her family physician. He later reported that the patient
died 26 months after the onset of the acute symptoms, with the clinical picture
of a malignant endocarditis.
Case IV-M. M. Age i6 years. White American. Female.
Complaint: Weakness of both legs and difficulty in walking.
Present Illness: In January, I925, the patient developed soreness and stiffness of
the leg muscles with fatigue on walking. Since then she had been in bed most of
the time. The fatigue was less in the morning than at any other time. Two days
after the onset a red spot was'noted above the right knee and subsequently, similar
spots, varying greatly in size and shape, had appeared over legs and thighs. The
color in the spots decreased when the patient assumed a recumbent position. The
soreness and stiffness gradually increased and the toes were frequently cold. There
were no joint pains. She became short of breath on slight exertion. In the previ-
ous four months there had been a loss in weight of IO pounds Her appetite had
been fair. She had been somewhat constipated. A moderate elevation of tem-
perature had been present at the onset of the illness.
Past History: The patient could not recall having had any of the usual diseases
of childhood. In October, I924, the presence of a cardiac lesion was first noted,
and since then she had indulged in normal activities, but would become short
of breath on walking up-hill. The menses, which had usually been regular, had
not appeared for three months prior to admission. Her family history revealed
nothing which might be relevant to the present illness.
Physical Findings: There was a diffuse, faded purpuric eruption over both legs,
but no cyanosis was present. She was of rather nervous temperament. The teeth
were carious. Tonsils were injected, but not large. There was no lymph gland
enlargement. There were a few fine moist rales at both lung bases. The cardiac
apex impulse was diffuse and was located in the 5-6 left interspaces at the an-
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There was a loud to-and-fro continuous murmur with an occasional first sound
audible over the pulmonic area in the 2nd left intercostal space about 3 cm. to
the left of the sternum. This murmur was maximal in the pulmonic region al-
though it was audible over the entire precordium, and extended well into the left
axilla. The pulse, which ranged between IOO and I30, was of fair volume and
tension. The blood-pressure was I22 systolic, 68 diastolic. Abdominal examina-
tion was negative. There was swelling of both legs to a point just above the
knees. The calf muscles of both legs were tender. There was no clubbing of
the fingers or toes.
Course: In March, 1925, the cardiac dullness appeared to be increased to the left
in the supracardiac area. A roentgenogram of the heart confirmed this impres-
sion. The temperature ranged between 97 and Io40F., although the pulse re-
mained about IOO at all times. The weakness and pallor increased and blood
cultures revealed Streptococcus viridans on two occasions. There was a moderate
degree of anemia. The urine remained negative. The electrocardiographic trac-
ing showed a sino-auricular tachycardia. She was discharged shortly thereafter in
an unimproved condition. In May, 1925, the patient died in another institution
after an illness of 4Y2 months' total duration.
Case V-M. D. Age- 37 years. American. Female.
Present Illness: The patient was admitted to the hospital in July, I927, because
of persistent vomiting. She had a nervous cough for some weeks prior to this time
and gave an indefinite history of the onset of the present symptoms. These com-
prised a loss in weight of 25 pounds, constipation, frequent vomiting, anorexia,
and dyspnea on exertion. The vomiting had varied from day to day, was not
projectile, was frothy and never contained blood.
Past History: As a child the patient had attacks of measles, chicken-pox and
diphtheria. In 1920 she had an attack of influenza. An appendectomv had been
performed in 19I3; a tonsillectomy in 192I. There was no rheumatic history.
She had suffered occasional sore throats prior to the tonsillectomy and recalled
having had "growing pains" during childhood. Catamenia had been normal.
Her mother died with rheumatic heart disease.
Physical Findings: The patient showed signs of loss of weight and there was
some pallor of the skin and mucous membranes. No petechiae were noted. There
was no general glandular enlargement. The thyroid seemed normal. There were
a few fine moist rales over the lungs in the lower right posterior portion of the
chest. The heart rate was regular, moderately accelerated, and the cardiac apex
localized in the 5th left interspace along the anterior axillary line. The left
border of the heart measured I cm. beyond the mammillary line and the right
border was at the sternal margin. Supracardiac dullness measured 3.5 cm. to the
left of the sternum in the ist intercostal space, 4 cm. to the left in the 2nd inter-
costal space, and I.5 cm. to the right in this intercostal space. At the apex a soft
systolic murmur followed the ist heart sound, and along the left sternal border
was located a soft diastolic murmur. In the aortic area there was a moderately
rough systolic and a blowing diastolic murmur. A loud murmur extending through
systole and part of diastole, different in quality from the other murmurs, was
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audible in the Ist and 2nd left intercostal spaces. There was a systolic pulsation
but no thrill in the 2nd left intercostal space. The spleen was not felt but the
splenic dullness was markedly increased. Hepatic dullness was increased. There
was slight pitting edema of both anterior tibial surfaces.
Laboratory Findings: The Wassermann reaction was negative. Of 6 blood cul-
tures three showed Streptococcus viridans. A six-foot roentgenogram showed mod-
erate enlargement of the left side of the heart. A chest plate showed fibrosis of
the lungs, possibly tuberculous. The tuberculin reaction was negative. Agglu-
tination tests for B. typhosus and M. melitensis were negative. Ten examinations
of the urine were made, showing occasionally a very faint trace of albumin; blood
and casts were never present. Four examinations of the sputum were negative for
tubercle bacilli. Th red blood cells, which at first numbered 4,IOO,000, subse-
quently decreased to 3,200,000. There was a leukocvtosis of 10,000 with 73-80
per cent of polymorphonuclear neutrophils.
Progress: Sept. 10, 1927: Dr. Marvin noted no petechiae, no clubbing of the
extremities, no sternal tenderness, no retinal hemorrhages or choroidal tubercles.
Sept. 30: Pain in the left chest with signs of infarction were present. Oct. 7:
Dr. Tileston noted that the spleen was two fingers breadth below the costal mar-
gin. There was a characteristic "humming-top" murmur in the 2nd left space.
This was very loud and rough in diastole. There was dullness in the and left
intercostal space at the sternal margin. The patient died in April, I928, the illness
having lasted over nine months. No autopsy was obtained.
Case VI-M. P. C. Age I9. American Hebrew. Male.
Famnily History: Both parents and four siblings are alive and well.
Past History: The patient had measles and whooping-cough as a small child.
He had tonsillitis several times. No rheumatism or chorea. He was known to
have a congenital heart lesion.
Present Illness: On April a2i, I928, he had an appendectomy. He had a cold
at the time and after the operation is said to have had pneumonia. Since then he
has never been well. He has been listless and has lost weight in spite of prolonged
rest and care as to diet. In September he returned to college, but soon de-
veloped pain in his left shoulder and upper left chest. He remained in college
4 weeks, the last two of which were spent in the infirmary. He had fever as high
as ioo0F. at this time and his expectoration became more copious. On his. return
home on October I9 his temperature was I03'F., rectal. Since then his tempera-
ture has been normal in the morning, but rises in the afternoon. He has no head-
ache, sleeps well, has a good appetite but tends to be constipated.
Examination: On October 22, I1928, examination showed the following. He
was sallow. There were a few enlarged, shotty cervical glands on each side.
The teeth were in good condition. The tonsils had been removed. The tongue
was moist and slightly coated. The thyroid was normal. There was no general
lymph node enlargement. The lungs were negative except for slight diminution
of the breath and voice sounds at the left apex. The pulse was rapid, regular and
compressible. The heart was overacting. The apex impulse was in the 5th space
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of the sternum there was a loud, continuous "machinery" murmur with systolic
intensification. The abdomen was soft. The edge of the spleen was readily
palpable at the costal margin. The liver was not enlarged. There was no edema
of the shins, no clubbing of the fingers, and no petechiae on the skin or mucous
membranes. The urine was negative. A roentgenogram of the lungs was nega-
tive, and numerous examinations of the sputum showed no tubercle bacilli. The
leukocytes were Io,8oo. The impression at this time was subacute bacterial en-
docarditis, grafted on a patent ductus arteriosus.
Subsequent Course: The patient lived until early in July, I930, when he suc-
cumbed following a copious pulmonary hemorrhage. The entire course of the
disease was a little over 26 months. The symptoms during this period were slight
headache at times, occasional palpitation, occasional attacks of vomiting, occasional
night-sweats, attacks of pain in the chest associated with pulmonary emboli, and
during these periods expectoration of blood-stained sputum. Later there was at
times passage of bloody urine. There were periods of restlessness, especially at
night, necessitating the use of sedatives. As the disease progressed the patient took
on a "cafe au lait" color, slowly lost weight and at times showed cyanosis. At
times there was tingling and soreness of the toes and fleeting pains in the muscles
and joints. The mental condition was usually gtod, he was cheerful most of the
time though much frightened when he expectorated blood. Toward the end he
became depressed. The fever continued throughout the course of the disease ex-
cept for io days during March, 1930, when the temperature was normal. Usually
it ranged between 99.6 and 1o37F. At times, usually when embolic phenomena
presented themselves, it went higher than this-as high as io57F., and was ac-
companied at times by sweats, especially at night, and toward the end by definite
chills. The pulse was usually regular, of medium volume and of good quality.
The respirations were at times rapid, especially at periods when pulmonary in-
farcts developed. No clubbing of the fingers developed and the patient did not
show any peripheral embolic manifestations except occasional tenderness of the
toes. The heart murmur varied but little throughout the course of the disease.
The lung signs varied from time to time as new infarcts developed. The spleen
gradually increased in size, finally reaching 5 cm. below the costal margin. The
liver finally became slightly enlarged and evidences of kidney embolism in the
form of an attack of hematuria and pain in the kidney region developed.
The laboratory findings consisted in the isolation of Streptococcus viridans
from the blood, the development of a slowly progressing anemia and of signs of
kidney involvement (focal glomerulitis) in the form of albuminuria with blood
and casts in the urine.
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